Based on historical data, variations in seawater quality and pollutant origins in marginal seas off China in the recent two decades are overviewed. Analysis shows that the total area of nonclean water was increasing continuously in the 1990s, but it has been decreasing since 2000; however, the total polluted area (sum of areas of slightly, medium, and heavily polluted waters) in China's standard fluctuated without a clear trend of decline or increase, indicating that although the increasing trend of marine environmental pollution has been kept effectively within certain limits, seawater quality has not been improved essentially in marginal seas off China. Furthermore, the occurrence frequency and affected area of HABs increased rapidly in marginal seas off China in the last 20 years. The amount of industrial and municipal discharges from the mainland China increased from the end of the 1980s to the end of the 1990s but decreased in the 2010s whereas riverine input of nutrients and pollutants from marine sources increased continuously.
Introduction
Good environmental quality is essential for sustaining coastal and marine ecosystems, commercial and recreational fisheries, and economic growth in coastal regions [1] . The health of coastal and marine ecosystems is affected by seawater quality, which in turn is dependent upon ecosystem health.
In the past three decades, China has experienced rapid industrialization and economic growth. The living standard of Chinese people has been considerably enhanced; however, environmental degradation has also become an obvious problem [2] . Agricultural and industrial discharges as well as municipal sewage have resulted in damages to the coastal ecosystems off China [2] .
The marginal seas off China are parts of the western North Pacific, including the Bohai Sea (BS), the Yellow Sea (YS), the East China Sea (ECS), and the South China Sea (SCS) (Figure 1 ). China has 1.8 × 10 4 km of continental coastline and 3.0 × 10 6 km 2 of "blue territory." Total river discharge from mainland China is 1300 × 10 9 m 3 /a [4] , including some of the largest rivers in the world, namely, the Changjiang (Yangtze) River, the Huang he (Yellow) River, and the Zhu jiang (Pearl) River, which bring anthropogenic materials from catchments into the sea. In addition to all continental sources, China's coastal ecosystems also suffer from extensive human activities such as coastal engineering, shipping, mariculture, and offshore gas and oil exploitation [5, 6] .
This paper provides a brief overview of the seawater quality and related problems in marginal seas off China in the recent two decades. The input pressures from both continental and marine sources are discussed.
Materials and Methods
Data for seawater quality status assessment were collected from the Marine Environment Quality Communiqué of China (1989 China ( -2009 ) published by State Oceanic Administration (SOA) of China [3] . These communiqués were based on data of routine monitoring in hundreds of fixed stations in marginal seas off China. Data on harmful algal blooms (HABs) incidents were from Marine Disaster Communiqué of China (1989 China ( -2009 ) published by SOA [7] . Data for pollutant origins were from published communiqués by SOA [3] and State Environment Protection Agency [8] and other published data which were based on routine monitoring.
Classification of seawater quality levels was in accordance with the Sea Water Quality Standard of China [9] , and the 2 International Journal of Oceanography classification standards for clean water, relatively clean water, slightly polluted water, medium polluted water, and heavily polluted water were listed in Table 1 . In this paper, first, the seawater was divided into clean water and nonclean water; second, the nonclean water was divided into relatively clean water and (total) polluted water; third, the (total) polluted water was divided into slightly polluted water, medium polluted water, and heavily polluted water. Therefore, the total area of nonclean water was the sum of areas of relatively clean water and (total) polluted water; the total polluted area was the sum of areas of slightly polluted water, medium polluted water, and heavily polluted water.
Seawater quality level for a given sea area was classified according to National Seawater Quality Standards using "one out, all out" principal, that is, seawater quality level was determined by the variable which fell into the highest category of seawater quality in Table 1 . The areas with different seawater quality levels were computed using a GIS system. The trend in variation of area of relatively clean waters was similar to that of the total area of nonclean water, and area of relatively clean waters at present is about half of that in the end of the 1990s and the beginning of 21 century (Figure 2 ). However, variations in areas of other seawater quality levels were quite different. Areas of slightly, medium, and heavily polluted waters fluctuated without clear trends of decline or increase, and they accounted for 22%, 12%, and 18% of the total area of nonclean water, respectively ( Figure 2 ). Total polluted sea area also fluctuated without a clear trend of decline or increase, indicating that seawater quality has not been improved essentially in China seas.
Results and Discussion

Variations of Seawater
Variations in areas with different seawater quality levels in the BS, YS, ECS, and SCS were different, to some extent, to those of total China seas. In the BS, the total area of nonclean water decreased in the last decade, so did the relatively clean water; however, all the areas of slightly, medium, and heavily polluted waters increased in the last decades ( Figure 3(a) ; [15, 16] ). In another word, although the total area of nonclean water declined, the level of pollution in coastal water has worsened in BS in the last decade. In the YS, the area of relatively clean water decreased by 60% from the beginning to the end of the 2010s whereas the variations in areas of other seawater quality levels demonstrated saddlelike trends in the last decade, with peaks in the middle of the 2010s (Figure 3(b) ). In the ECS, all the areas with Zhu jian g Riv er C h a n g j i a n g R i v e r H u a n g h e R iv e r different seawater quality levels declined in the beginning of the 2010s, and then they maintained at nearly constant levels from the middle to the end of the 2010s (Figure 3(b) ). In the SCS, variations of areas with different seawater quality levels could be divided into two stages with the year 2005 as a turning point in the last decade (Figure 3(d) ). Variations in the areas with different seawater quality levels demonstrated saddle-like trends in the first half of the 2010s whereas they increased, in different extent, in the second half of the 2010s, indicating a worsening trend in the SCS in recent years. The distribution of main polluted areas concentrated in coastal areas of the Liaodong Bay, Bohai Bay, Huang he (Yellow) River estuary, and Laizhou Bay in BS, the Yalu jiang River estuary, Dalian Bay, and coastal areas of the southern west in YS, the Changjiang River estuary and Hangzhou Bay in ECS, and the Zhu jiang River estuary in SCS (Figure 1 ). Main pollutants in China seas are dissolved inorganic nitrogen (DIN), dissolved inorganic phosphate (DIP), petroleum hydrocarbons (oil), and heavy metals [3, 17] . The areas with different seawater quality levels were determined by the concentration of DIP in the Liaodong Bay, and by the concentration of DIN in other areas of marginal seas off China [3] .
HABs Incidents.
Enrichment of nutrients have caused severe eutrophication in the extended coastal waters, and harmful algal blooms (HABs) have been frequently observed in marginal seas off China [18, 19] . Characteristics of HAB incidents in marginal seas off China in the recent two decades are as follows. [7] . The species of toxic algal blooms were mainly Karenia mikimotoi, Phaeocysti, Cochlodinium polykrikoides, and so forth [18] [19] [20] . (iv) An increase in the proportion of large-size affected areas of HABs incidents [19, 20] .
The areas with frequent HABs occurrence were the Liaodong Bay and Bohai Bay in BS, the Changjiang River estuary and adjacent sea areas in ECS, and the Zhu jiang River estuary and adjacent sea areas in SCS [7, 18, 19] .
Variations of Pollution Pressures.
Based on the fact that main polluted areas were located at medium to large river estuaries and their adjacent sea areas, it can be concluded that pollutants from land-based sources were the main source of pollutants in marginal seas off China. The variation trend of input pressure of pollutants from land-based sources was analyzed from the following two aspects: one is pollutant emission pressure of land-based sources, expressed as total amount of COD in industrial and municipal effluents in China; while the other is riverine flux of pollutants, taking the COD flux into the sea from the Huang he River as an example. Total amount of COD in industrial and municipal effluents in China increased rapidly from the end of the 1980s to the end of the 1990s [21] , but maintained at a level of 14 million tons after the end of the 1990s ( Figure 5 ). The COD flux into the Bohai Sea from the Huang he River increased sharply from the end of the 1980s to the mid 1990s but has decreased rapidly since the end of the 1990s ( Figure 5 ). This implies that variation of riverine flux of COD reflected to some extent the changes of total amount of COD in industrial and municipal effluents in the river basin. The pressure of pollutant emission from agriculture was expressed as the total amount of fertilizer application, and was compared with riverine flux of nutrients from the Changjiang River. Along with rapid development of agriculture in China, amount of fertilizer application increased by 1.5-times in the recent two decades [22] [23] [24] . Large amount of fertilizer was washed away into rivers through loss of water and erosion of soil and finally into the estuarine and coastal waters. This could be evidenced by sharp increase of DIN load from the Changjiang River, which is taken as a typical representative of riverine flux of nutrients from mainland China (Figure 6 ), indicating that pressure of nutrient input increased in marginal seas off China in recent two decades [13, 14, 25] .
Sea-based sources of pollutants are also origin of pollutants in coastal waters, such as mariculture, off-shore petroleum exploitation, and marine dumping zones. For instance, the amount of solid waste (mainly dredged material) dumping was less than 5. of oil fields in China seas also increased in recent decades [5] , from nine at the beginning of the 1990s to 39 at present. Correspondingly, the amount of effluents containing oil from petroleum exploitation activities increased rapidly and was four-times higher in 2009 than that in 1999 ( Figure 7 ). These data suggest that the pressure of sea-based sources of pollutants increased in the recent two decades, and the contributions of these pollutions to the evaluation of seawater quality in China seas have yet to be assessed further.
Summary
During the 1980s to the 1990s, pressure of pollutant input increased continuously in marginal seas off China, leading to worsening of seawater quality in coastal waters, and both the extent of pollution and affected area increased continuously. Since 2000, however, total area of nonclean water decreased, whereas the area of polluted waters fluctuated with no clear trend of decline or increase. This suggests that although the increasing trend of marine environmental pollution has been kept effectively within limits in marginal seas off China, seawater quality essentially has not improved. Clearly, variations in seawater quality were related to variations of pollutant origins from land-and sea-based sources. Variations in emissions of industrial and municipal effluents increased from the end of 1980s to the end of 1990s but decreased in the 2010s whereas the pressure of nutrient inputs as well as pollutants from sea-based sources increased continuously. Sharp increases in the number and total affected area of annual HAB incidents, as well as increases in the number and affected area of toxic and large-scale algal blooms, were observed in marginal seas off China in the recent two decades, indicating that coastal eutrophication worsened continuously in recent decades. Therefore, in addition to control and treatment of discharges of industrial effluents and municipal sewage, countermeasures should be taken to reduce pollutants (mainly nitrogen and phosphorus) from agriculture, such as fertilizer application with scientific methods, prevention of loss of water and erosion of soil, and construction of wet land.
